diseases. This study aimed to explore the associations between multimorbidity, motor severity and quality of life (QoL) in early PD. Regression analyses determined whether multimorbidity was significantly associated with disease severity and QoL.
Introduction
Parkinson's disease (PD) is characterised by both motor and non-motor symptoms (NMS) [1] . It is primarily a disease of older people; thus, many will have comorbid disease at the time of diagnosis. Multimorbidity is an evolving concept of particular relevance in later life [2] and to date there has been little study of this in PD.
Multimorbidity in PD negatively impacts on many aspects of the disease, including quality of life (QoL) [1] . Multimorbidity is defined as having two or more concurrent chronic physical or mental conditions, and affects 75% of those over 70 years [3, 4] .
Risk factors include increasing age, low education, and alcohol intake [5] .
Multimorbidity has a deleterious and dose-response effect on cognitive function, particularly in those at risk of cognitive impairment [6] . It is associated with increased utilisation of healthcare resources, functional disabilities and hospitalisation [5, 7] .
Secondary care is often specific with conditions being dealt with in isolation leading to fragmented care [6] , therefore the National Institute for Health and Care Excellence (NICE) have produced guidelines on multimorbidity, identifying those that may benefit from multidisciplinary input [4] . These include those with two or more chronic physical or mental health conditions or symptom complexes. Parkinson's disease encompasses symptom complexes such as frailty and pain, therefore is a key target disease from the NICE guidelines. McLean et al. [8] recently highlighted the need for targeted research into multimorbidity in older people.
The aim of this study was to explore the associations between multimorbidity, severity of motor symptoms and QoL in people with early PD. We hypothesized that those with greater multimorbidity scores would have poorer QoL and psychological health. 4 
Methods

This was conducted as part of the Incidence of Cognitive Impairment in Cohorts with
Longitudinal Evaluation -Parkinson's disease (ICICLE-PD) study, a longitudinal observational study conducted over two sites in Newcastle-upon-Tyne and Cambridgeshire. Participants with newly diagnosed idiopathic PD (n=154), plus ageand sex-matched unrelated healthy controls (n=99) were recruited from community sources, with the initial aim of comparing multimorbidity in PD with controls [9] . 4. Age-adjusted Charlson Comorbidity Index (CCI). 5 Using IBM SPSS V24, data were examined for normality of distribution using Kolmogorov-Smirnov's test and visual histograms. Mann-Whitney U-and t-tests were performed as appropriate. Pearson's Chi squared tests were used to compare categorical data. Spearman's rank correlations were used to assess correlation.
Hierarchical linear regression analysis was conducted to identify predictors of MDS-UPDRS-III and PDQ-39 scores. After removal of non-significant predictors, multimorbidity measures, as described above, were individually added to the basic models to determine whether they were significant independent predictors of motor disease and QoL. Given the exploratory nature of the study, no adjustments for multiple testing was made.
Results
Participants with PD (n=154, mean disease duration 6.0±4.6 months) and controls Univariate linear regression analysis showed that more severe motor severity using the MDS-UPDRS-III score was associated with significantly higher GDS-15 scores (p<0.001) and lower MoCA scores (p<0.05). Both GDS-15 and MoCA scores were included in the basic model (table 1 ). The addition of individual multimorbidity measures did not significantly improve the model. 
Discussion
Multimorbidity is an evolving concept, and to our knowledge, this is the first study to investigate the association between multimorbidity and the severity of PD in a large incident cohort, where we found a small but significant effect on QoL.
The burden of multimorbidity did not differ between PD participants and controls, except for when measured using a medication count of all prescribed medications, differing from previous findings [11] .This may be accounted for by our use of the ICPC-2 conditions, which are more selective, minimising the overlap with NMS.
There is no universal tool for measuring PD-related multimorbidity. However, recent literature tends to use age-adjusted CCI as it is considered to be a robust, evidence-based method for the prediction of long-term QoL [12] . Medication counts are simple, however,
given the multi-system nature of PD, the mean count of all prescribed medications was higher in patients with PD compared with controls. Non-PD medication count may improve accuracy in assessing multimorbidity in PD patients, eliminating PD-burden as a confounder.
We did not find an effect of multimorbidity on motor severity. This may relate to the fact that we were studying an incident cohort, with accordingly early disease (mean disease duration = 6.0 months), reducing the heterogeneity of motor severity and the ability to detect the possible predictive powers of multimorbidity measures.
Leibson et al. [11] demonstrated a dose-response effect of comorbidities on worsening outcomes relating to mental disorders. Mitnitski et al. [13] provide a model of deficit accumulation, where the more pathophysiological processes an individual accumulates, the more vulnerable they become. Despite referring to mortality this may explain the relationship seen between multimorbidity and QoL. Multimorbidity may lead to physical or mental stress, resulting in a restricted capacity to function and lower QoL. A unified approach to care 11 proposes a multifactorial theory for addressing patient outcomes, addressing the role of dynamic interactions between physiological functions. Outcomes are linked, and addressing individual outcomes, such as pathophysiological process, will in turn affect other patient outcomes in terms of morbidity and mortality exemplifying the importance of multimorbidity on QoL in early PD.
Clinically, multimorbidity is important because it is common and affects QoL Multimorbidity has an impact upon recruitment to clinical trials and carer strain. Thus, identifying it offers targets for medication rationalisation, multidisciplinary approach to care, and re-thinking of clinical trial design.
This study included a large well-defined cohort of participants with incident PD, and ageand sex-matched controls undergoing rigorous testing with validated research tools. Not all PD participants were dopamine naïve, therefore the extent of the relationship between multimorbidity and motor severity and QoL cannot be generalised to treatment-naïve patients. Patients who declined to participate tended to be older [9] and may be speculated to have greater comorbid disease counts and impairments.. Clinically, participants with PD would be expected to have more multimorbidity and worse general health; however, this was not reflected in the results.
Conclusion
Multimorbidity is associated with worse QoL in patients with early PD. Effective management of multimorbidity is important to achieve optimal QoL in this patient cohort, and implies that a multidisciplinary approach to treating PD should be instigated from diagnosis and not just in more advanced disease.
A longitudinal investigation of this cohort, focusing on the long-term impact of multimorbidity on motor severity, and QoL could clarify the influence of multimorbidity on disease 12 progression. Furthermore, given the multi-system nature of PD, the development of a PDspecific multimorbidity measure, including the hybridisation of the medication count, non-PD medication count and age-adjusted CCI, may improve specificity and predictive abilities of such a tool. All data are mean and standard deviations except where indicated. All data are non-parametric and test statistics are z scores from Mann-Whitney U-test except where indicated. *Chi squared test; †Independent t-test. Significant values indicated in bold. ‡ n=15 did not complete MoCA.
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